Introduction: Hepatitis C (HCV) infection adversely affects survival among people living with HIV, increasing mortality risk due to liver-related causes. In Poland HCV is found among ~30% of HIV infected individuals, with only a small percentage successfully treated for this coinfection. This study aimed to analyze the HCV-associated influence on the life expectancy among HIV/HCV coinfected patients from northwestern Poland. Material and methods: Longitudinal data of 701 (368 HIV monoinfected and 368 HIV/HCV coinfected) patients were investigated to assess the life expectancy and survival after HIV diagnosis. Kaplan-Meier and Cox analyses were used to assess the mortality risk in both unadjusted and multivariate models. Effect plots indicate the adjusted hazard ratio for HCV-associated survival. Results: Overall mortality was significantly higher among HCV coinfected (22.52%) compared to HIV monoinfected (10.32%) cases (p < 0.001, OR = 2.52 (95% CI: 1.65-3.85)), with shorter life expectancy among HIV/HCV infected patients (median: 55.4 (IQR: 42.8-59.1) years) compared to HIV monoinfection (median 72.7 (IQR: 60.4-76.8) years, univariate HR = 4.15 (95% CI: 2.7-6.38), p < 0.0001, adjusted HR = 2.32 (95% CI: 1.47-3.65), p < 0.0001). After HIV diagnosis, HCV adversely influenced the survival after 15 years of follow-up, with a strengthened impact in the subsequent 5 years (univariate HR = 1.57 (95% CI: 1.05-2.34) p = 0.026 for the 20-year survival time point, adjusted HR = 2.21 (95% CI: 1.18-4.13), p = 0.013). Conclusions: Among patients living with HIV, HCV coinfection is associated with a median life expectancy decrease of 17.3 years and low probability of surviving until the age of 65 years. In the era of directly acting anti-HCV drugs, treatment scale-up and immediacy of treatment are advisable in this cohort.
Introduction
Due to shared routes of transmission, hepatitis C coinfection is found in approximately one-third of the people living with HIV. In Europe sig-nificant differences in the prevalence are noted. Rates of Hepatitis C virus (HCV) coinfection range from 50% in the eastern regions where injection drug use (IDU) is fuelling the epidemics, 30% in the central and southern regions to < 20% in the northern areas [1, 2] . Recently observed outbreaks of acute HCV among men who have sex with men (MSM) also increase the number of coinfected patients [3] . In the era of effective antiretroviral therapy, among individuals with immune recovery HIV infection does not adversely affect the life expectancy [4] . It should be noted, however, that survival among HCV coinfected individuals is notably shorter compared to HIV monoinfected cases. In this group a notable decrease in the survival rates and increased mortality have been consistently reported across Europe and worldwide [5, 6] . Persons living with HIV/HCV are at a higher risk of liver-related death, hepatocellular carcinoma (HCC) or hepatic decompensation [7] . Data from the EuroSIDA and D:A:D studies indicate that among anti-HCV positive individuals living with HIV, liver-related events are the second, after AIDS, cause of mortality, accounting for 21.6% of all deaths. Mortality was the highest in patients aged 35-45 with liver tissue fibrosis ≥ F2 and lymphocyte T CD4 counts < 300 cells/µl [8] .
In Poland, the HIV epidemic has been historically associated with injection drug use, with an outbreak in the years 1989-1990 and a subsequent shift to predominance of sexual transmissions from 2007 [9] . Preventive strategies, such as needle exchange as well as methadone programs, coupled with economic growth, resulted in a reduction in the number of new HIV/HCV cases; however, hepatitis C replication remains active in approximately 30% of individuals living with HIV [10] . So far, uptake of HCV treatment has been at the level of ~15% of the total number of diagnosed cases for both HCV monoinfected [11] and HIV/HCV coinfected patients [12] . There are only incidental reports on the efficacy of anti-HCV treatment in the Polish HIV infected population, with a sustained virologic response achieved in < 40% of treated cases for the treatments based on pegylated interferon and ribavarin [13] . There are no data on life expectancy of HIV/HCV coinfected patients. Currently, HCV treatment is regulated by national guidelines with no priority for HIV patients. Our study aimed to bridge the gap in this knowledge and to investigate the HCV associated influence on overall life expectancy as well as survival after HIV diagnosis.
Material and methods
For the study longitudinal data of 701 patients with known HCV status followed up from January 1996 until the end of + lymphocyte count was defined as the first documented result after the HIV diagnosis. CDC category was assumed based on a review of the clinical record of the patient. In cases of late care entry category A (asymptomatic stage of HIV infection) was assumed if no apparent immunodeficiency was reported or available from medical records. Data on chronic hepatitis B were not included in the analysis due to the small number of confirmed HIV/HBV co-infection cases. The study endpoint was defined as all-cause mortality excluding cases with documented accidental death. The end of observation date (study endpoint) was defined as either the death date, last recorded date of visit (cases lost to follow-up) or 31 st of December 2014 for the patients remaining under care (termination of data collection). Whenever it was impossible to determine the exact date of death (6 cases) the median date between the last recorded visit and information of death was assumed as the death date.
Statistical analysis
Statistical analyses for nominal variables were performed with the χ 2 test (gender, HIV infection stage at genotyping, transmission route), while for continuous variables (age at HIV diagnosis, T CD4 + lymphocyte count, HIV viral load at care entry) the Mann-Whitney U-test was used (Statistica v. 12 software, StatSoft, Poland). Kaplan-Meier cumulative mortality was calculated, and statistical significance of survival data was analyzed using a log-rank test. Unadjusted and multivariate Cox proportional hazards models were used to assess the effect of analyzed parameters on the risk of death and to calculate the hazard ratios (HR). P-values of 0.05 were considered significant.
Results
Among 701 analyzed patients, 333 (47.5%) cases were HCV positive and 368 HCV (52.5%) It should be noted that there were 53 patients treated with pegylated interferon-ribavirin for the hepatitis C infection. Of these, only 21 (39.6%) achieved a sustained virological response (SVR). All patients with HCV treatment success remain alive. Patients with sustained virological response (SVR) were excluded from the survival analyses.
Cumulative observation time from birth was 28876.75 person-years with 5731.4 person-years in the period from HIV diagnosis until the end of the study. In the analyzed cohort 113 (16.1%) deaths were recorded, with overall mortality rates notably higher among HCV coinfected cases (n = 75, 22.52%) compared to HIV monoinfected ones (n = 38, 10.32%) (p < 0.001, OR = 2.52 (95% CI: 1.65-3.85)).
Median overall Kaplan-Meier estimated life expectancy was 69.6 (IQR: 50.87-75.79) years, being notably shorter among HIV/HCV infected patients (median: 55.4 (IQR: 42.8-59.1) years) than among HIV monoinfected ones (median 72.7 (IQR: 60.4-76.8) years). HCV coinfection was associated with decreased life expectancy (log rank p < 0.0001, univariate HR = 4.15 (95% CI: 2.7-6.38) for the Cox model, p < 0.0001); strikingly, none of these patients reached the age of 65 years ( Figure 1 ). After adjustment for age and gender -variables significantly associated with differences in life expectancy in the analyzed cohort -the negative influence of HCV infection on the life expectancy remained significant (HR = 2.32 (95% CI: 1.47-3.65)), p < 0.0001. In the survival analysis using the HIV diagnosis as the initial time point, HCV infection did not influence the modeled survival for the first 14 years of the follow-up, reaching statistical significance after 15 years of observation (log-rank p = 0.0462, univariate HR = 1.506 (95% CI: 1.01-2.25) for the Cox model, p = 0.0458). This impact was strengthened in the subsequent years (log-rank p-value = 0.026 for the time point of 20-year survival with HIV diagnosis; univariate HR = 1.57 (95% CI: 1.05-2.34) for the Cox model, p = 0.026) (Figure 2 A) . In the multivariate analysis of the 20-year survival with HIV diagnosis, after adjustment for the HIV-associated variables (HIV viral load > 100 000 copies/ml, T CD4 + lymphocyte count < 200 copies/ µl), gender and age, HCV coinfection proved to be independently associated with higher likelihood of death (HR = 2.21 (95% CI: 1.18-4.13), p = 0.013) (Figure 2 B) . The power of this association was lost after adjustment for the history of drug use (HR = 0.67 (95% CI: 0.28-1.64), p = 0.038). There were no differences in survival probability associated with HCV genotypes and HCV viremia; however, these data were available only for 151 cases.
Discussion
Data from this study confirm that hepatitis C coinfection is an independent factor negatively influencing survival among HIV infected patients. Importantly, the deleterious effect of HCV was found in the population younger at HIV diagnosis, with higher frequency of asymptomatic infections and a lower number of AIDS cases at baseline as well as a lower burden of HIV replication. The HIV monoinfected and HIV/HCV infected groups differed significantly by age at diagnosis, infection stage, transmission route of infection and the HIV viral load at baseline. Patients coinfected with hepatitis C were notably younger, more likely asymptomatic with a lower HIV viral load compared to monoinfected cases, which may be associated with earlier diagnoses among these subjects. It should be noted that the monoinfected group includes both MSM and a significant number of heterosexually infected women, known to be diagnosed at a later age with more advanced disease and higher HIV viremia [14] . A similar phenomenon was observed previously for the nationwide datasets [15] . Differences in the transmission route were associated with the increased risk of hepatitis C acquisition among injection drug users and reflect the distribution of this coinfection among HIV infected cohorts in Europe [1, 16] .
We have previously reported partial data on this cohort calculated for 507 individuals, with liver-related mortality accounting for 21% of non-AIDS related deaths [17] ; this dataset has been expanded to 701 cases in the current study and included only patients with available HCV serology. Coinfection with hepatitis C negatively influenced the life expectancy, with no patient surviving until the age of 65 years. A similar finding has been reported in the Higher risk USA, with only 6% of coinfected individuals reaching this age threshold and the median age of death being 52 (95% CI: 46.8-57.3) years [18] . After HIV diagnosis the negative impact on survival was not immediate, with 15 years necessary for HCV to exert a significant effect on mortality. This influence was independent of T CD4 + lymphocyte count, AIDS diagnosis and age. This finding is similar to the data presented by Grint et al., with increased likelihood of death related to age, T CD4 + lymphocyte cell count, history of antiretroviral drug use, HBV coinfection, duration of HCV infection and liver fibrosis [19] . Additionally, in our study the effect on mortality was not related to the HCV genotype or viral load, which is in line with the previously published data [20] . In D:A:D cohorts, in the years 1999-2011 liver-related mortality accounted for 13% of deaths, being the second, after neoplastic disease, most common cause of non-AIDS related deaths. It should also be noted that hepatic mortality was almost invariably (95%) associated with HCV or HBV infection [21] . After low T CD4 + lymphocyte count, associated with a 16.1-fold (T CD4 + lymphocyte count < 50 cells/µl) increase in mortality risk, HCV coinfection was the second key factor decreasing survival (the hazard ratio increased 6.66-fold compared to monoinfected subjects) [8] . This effect might be related to the faster progression of liver fibrosis.
It should also be emphasized that in our cohort HIV/HCV individuals were mostly (83.7%) injection drug users. This population is vulnerable not only to the effects of substance abuse and higher liver-related mortality. Also, the risk of AIDS-related death and mortality due to other causes has been accentuated in these individuals [22] . As a result, IDUs do not benefit from the higher life expectancy observed among antiretroviral treated people living with HIV [4] .
Anti-HCV treatment may increase the life expectancy among individuals achieving a SVR. Indeed, in our study none of the patients with SVR died, although this may be due to the selection of patients prior to the introduction of treatment with pegylated interferon/ribavirin. A survival benefit was reported by Berenguer et al. [23] for interferon-based treatment, but the effect of treatment with directly acting HCV antivirals on survival is yet to be established.
The study has the following limitations: Firstly, the HCV-related mortality in the HIV/HCV coinfected group is confounded by the overall higher mortality risk among injection drug users -the dominant group with HIV/HCV coinfection. However, liver-related deaths including complications of hepatitis C remain a key mortality issue even in this group [24] , as discussed above. Also, survival analyses are typically censored if the exact date of death is unknown. To overcome this limitation, in 6 cases with the missing death time point, the median date between the last observation time and information that the patients actually died was used.
In conclusion, our study indicates the deleterious effect of HCV coinfection on long-term survival after HIV diagnosis and models a median life expectancy decrease of 17.3 years among HIV/HCV coinfected subjects. Additionally, HCV coinfected patients do not survive until old age, currently defined by the WHO at the threshold of 65 years. In the era of directly acting anti-HCV drugs, scale-up and immediacy of treatment, as stated in EASL guidelines, are advisable in this cohort [25] .
